This study aimed to examine area differences in the prevalence of and factors associated with frailty. This cross-sectional study included metropolitan (eastern and western areas), suburban (districts A and B), and rural areas of Japan (n = 9182, woman 50.9%). Frailty was defined by using a standardized questionnaire comprising three subcategories (fall, nutritional status, and social activities). The prevalence of frailty in the five areas was 14.2% to 30.6% for men and 11.5% to 21.4% for women. The areas with a high frailty prevalence had a significantly lower nutritional status or social activity, or both. Compared to the western metropolitan area, among men, the multivariable-adjusted prevalence ratio (APR) of frailty was significantly higher in the eastern metropolitan area and lower in suburban district A, and among women, the eastern metropolitan and rural areas had significantly higher APRs. Area-stratified multiple Poisson regression analysis showed that age, bone and joint disease, and a subjective economic status were associated with frailty in most areas and that some factors were area-specific, i.e., living alone (for men living in metropolitan areas) and underweight (for women living in suburban areas). The frailty prevalence differed by area, even after multivariable adjustment. Area-specific characteristics and factors associated with frailty may result in area differences.
Introduction
Many countries aim to increase the life expectancy, and, in the future, the extension of a healthy lifespan will be a priority [1] . One target for extending a healthy lifespan is frailty-a state of increased vulnerability that can lead to adverse health outcomes, such as disability, hospitalization, and death [2] . A meta-analysis using different definitions of frailty (i.e., phenotype, deficit accumulation, and multidomain models) found that frailty was a significant predictor of adverse health outcomes, regardless of definition [3] . Therefore, frailty is an important public health issue [4] .
Previous multinational studies have reported a wide range in the frailty prevalence, which suggests that it differs by area [5] [6] [7] . Two national surveys reported an urban/rural difference [8, 9] . Data from nationally representative samples of Chinese people 60 years or older showed that the frailty prevalence was higher in rural areas than in urban areas (approximately 1.1 times for pre-frailty and 1.5 times for frailty) [8] . A national survey in Taiwan reported that the frailty prevalence was significantly higher among those living in a rural area than among those living in an urban area [9] . In contrast, a Chinese study showed that the frailty prevalence was significantly lower in a rural area than in an urban area of Beijing [10] . Another study, in Yogyakarta, Indonesia, found no difference in frailty status between urban and rural areas [11] .
These area differences in frailty prevalence require further investigation because, although these previous studies investigated urban/rural differences in the frailty prevalence [8] [9] [10] [11] , the analyses were unadjusted or only adjusted for age. This indicates that the urban/rural differences in frailty may be explained solely by sociodemographic factors of the sample. Therefore, urban/rural differences in frailty among older adults should be confirmed in a multivariable-adjusted model. Second, if there are area differences in frailty prevalence in the model, the relevant factors should be identified. This would contribute to a reduction of the prevalence of frailty.
This study examined area differences in frailty prevalence in multivariable-adjusted models and attempted to identify factors associated with frailty in those areas.
Methods

Study Design and Participants
The present cross-sectional study used data collected from three Japanese areas: Ota city, Tokyo (population: 712,057 in 2016); Hatoyama town, Saitama Prefecture (population: 14,000 in 2018); and Kusatsu town, Gunma Prefecture (population: 6595 in 2017) [12] . In accordance with the classification of the Japanese population census [13] , this study defined Ota city as a metropolitan area, Hatoyama town as a suburban area, and Kusatsu town as a rural area.
The present data for Ota City are baseline observational data from a community-wide intervention trial. The details of that study have been reported elsewhere [14] . Briefly, a baseline survey was conducted with an age-and sex-stratified random sampling design, in 2016, and self-reported questionnaires were distributed to 15,500 (intervention districts, n = 8000; control districts, n = 7500) older adults without long-term care insurance (LTCI) certification (i.e., no disability [15] ). The current study used data from 6009 individuals, which were obtained from the intervention districts. After excluding missing data (n = 1224), the present study divided the intervention districts into western (two districts, n = 2436 out of 4000) and eastern (one district, n = 2349 out of 4000) metropolitan areas, because the western region included a high-income residential area. Therefore, income level and population characteristics differ between these areas. The data for Hatoyama town were gathered from completed surveys distributed in 2018. In the survey, self-reported questionnaires were distributed to older adults without LTCI certification living in Hatoyama town (n = 5150); 3335 consented to the survey. After excluding missing data (n = 514), we divided Hatoyama town into districts A (commuter town, n = 1950) and B (other areas, n = 871), because it was assumed that these districts had different income levels (district A has a high-income level) and characteristics (See Tables 1 and 2 ). The data for Kusatsu town were obtained from the Kusatsu Longitudinal Study on Aging and Health, which has been described elsewhere [16] [17] [18] . In short, the study includes data from both health check-ups and complete surveys. If participants attended the health check-up and completed a questionnaire that doubled as the complete survey, in July 2017, the current study used those data. The complete survey was conducted in November 2017, and the survey data were used if participants did not attend the health check-up. Self-reported questionnaires were distributed at the health check-up and in the complete survey, and data were obtained from 2071 participants (1290 and 781 from the health check-up and complete survey, respectively). After excluding persons with LTCI certification or missing data (n = 495), we ultimately collected data from 1576 residents of Kusatsu town. Therefore, in total, data from 4504 men and 4678 women were analyzed ( Figure S1 ). 
Frailty Assessment
The Kaigo-Yobo Checklist (KYCL) was used to assess frailty in all five areas [16, 19] . The KYCL comprises 15 yes/no questions and has three subcategories: falling (six questions), nutritional status (four questions), and social activities (five questions) (See Supplementary Table S1 ) [16] . A previous study confirmed a significant correlation between the KYCL and Frailty Index [20] , and these two measures have almost the same predictive ability for incident disability and/or mortality [21] . A higher KYCL score indicates a worse status; the cut-off for frailty was 3/4.
Associated Factors
In this study, we analyzed age, underweight, overweight, medical history (hypertension, heart disease, stroke, diabetes, cancer, and bone and joint diseases), living arrangement (living alone), and subjective economic status as factors potentially associated with frailty. The body mass index (BMI (kg/m 2 )) was calculated from height and weight, and underweight (<18.5 BMI) and overweight (≥27.5 BMI) were defined by using criteria for Asian populations [22] . A subjective economic status was assessed with a five-point scale and dichotomized as poor (very poor or poor) or not poor (very good, good, and normal). The questionnaires distributed to all five areas included the same questions and options to obtain the information.
Statistical Analysis
All analyses were stratified by sex, because previous systematic reviews have reported sex differences in frailty [23, 24] , and were performed with SPSS version 23.0 (IBM, Armonk, NY, USA). A p value of <0.05 was considered to indicate statistical significance.
When comparing characteristics, we used the independent t-test for continuous variables and chi-square test for categorical variables. An analysis of covariance (ANCOVA) adjusted for factors associated with frailty was used to compare scores for KYCL subcategories. The independent t-test, chi-square test, and ANCOVA were repeated four times because the analyses compared the western metropolitan area with each of the other areas. Therefore, the p value for those analyses was adjusted with Bonferroni correction (a p value of <0.0125 was considered to indicate statistical significance).
Multiple Poisson regression analysis was performed to calculate adjusted prevalence ratios (APRs) for frailty and 95% confidence intervals (CIs). The five areas (with the western metropolitan area as the reference) and factors associated with frailty were included as independent variables simultaneously. Additionally, area-stratified multiple Poisson regression analysis was used to examine area-specific factors associated with frailty.
Results
Descriptive Data
In the five areas, the frailty prevalence ranged from 14.2% to 30.6% for men and from 11.5% to 21.4% for women (Tables 1 and 2 , respectively). With men in the western metropolitan area as the reference, those in the eastern metropolitan area had the highest frailty prevalence and were more likely to be living alone and to have a poor subjective economic status. In suburban district A, which had the lowest frailty prevalence, men were younger and less likely to have hypertension, heart disease, cancer, bone and joint disease, and a poor subjective economic status.
The trend was similar in women. Those in the eastern metropolitan area had the highest frailty prevalence; were less likely to be underweight; and were more likely to be overweight and have hypertension, diabetes, bone and joint disease, and a poor subjective economic status. Women in suburban district A had the lowest prevalence of frailty and were younger. Additionally, they were less likely to be underweight; to have hypertension, heart disease, and bone and joint disease; and to be living alone, and more likely to have a poor subjective economic status. Table 3 shows the results of the comparison of KYCL subcategories. Among men, fall component scores were better for suburban district A (p = 0.011), the eastern metropolitan and rural areas had significantly worse scores for the nutritional status (p < 0.001), and the social activities component scores were better for suburban districts A and B and for the rural area (p < 0.001).
Scores for KYCL Subcategories
Among women, there was no significant difference in fall component scores between the western metropolitan area and any other area. As was the case for men, the eastern metropolitan (p < 0.001) and rural areas (p = 0.004) had significantly worse scores for the nutritional status. The social activities component scores were worse for the eastern metropolitan area (p = 0.004) and better for suburban districts A (p < 0.001) and B (p = 0.004). Table 4 shows the age-and multivariable-adjusted APRs for men and women. Among men, the APR for frailty was significantly higher for the eastern metropolitan area (APR 1.27; 95% CI 1.11-1.46) and lower for suburban districts A (APR 0.73; 95% CI 0.61-0.88) and B (APR 0.79; 95% CI 0.63-1.00) in the multivariable-adjusted model. Among women, the eastern metropolitan area (APR 1.31; 95% CI 1.12-1.55) and rural area (APR 1.38; 95% CI 1.14-1.65) had significantly higher APRs for frailty in the multivariable-adjusted model.
The Association Between Area and Frailty
Factors Associated With Frailty in Each Area
When the present data were combined, APRs in both sexes were significantly higher for all associated factors except overweight, hypertension, and living alone in women (see Supplementary  Table S2 ). The APR for living alone was higher in men (APR 1.30; 95% CI 1.13-1.49), but lower in women (APR 0.84; 95% CI 0.72-0.98).
Among men, multiple factors were associated with frailty in the five areas. Overall, bone and joint disease and a poor subjective economic status were significantly associated with frailty in all five areas. The APR for underweight was significantly higher in all areas except the western metropolitan area. Overweight and living alone were only significantly associated with frailty in the two metropolitan areas.
Among women, age was significantly associated with frailty in all five areas, and bone and joint disease was significantly associated with frailty in all areas except the eastern metropolitan area. There was only a significant association between underweight and frailty in the two suburban areas. Stroke and diabetes were only associated with frailty in the suburban and rural areas.
Discussion
This study included metropolitan, suburban, and rural areas of Japan in an analysis of area differences in frailty in older adults. As with previous studies that showed area differences in the prevalence of frailty in unadjusted and age-adjusted models [8] [9] [10] [11] , we noted significant area differences in the frailty prevalence, even in the multivariable-adjusted models.
The frailty prevalence was highest in the eastern metropolitan area in both sexes, which was expected because a previous study reported that this area was less healthy than the western metropolitan area-the reference group in this study [14] . Although the previous analysis was unadjusted [14] , the present multivariable-adjusted model showed the same trend. Among women, the prevalence of frailty was high in the rural area. Nutritional status is known to be associated with frailty [25] and was worse in the eastern metropolitan and rural areas in both sexes. Improvement of the nutritional status could prove to be an important strategy to prevent frailty in those areas. In particular, malnutrition tends to be more common in rural areas [26] . Therefore, this implication may apply to other rural areas.
Among men, the prevalence of frailty was lower in suburban districts A and B. Social activities component scores were better in those districts and in the rural area than in the western metropolitan area. Social function, including social activity, was associated with location. A large-scale Japanese study reported that older men and women living in metropolitan areas were less likely to interact with a friend and participate in group activities than those in urban and rural areas [27] , indicating that the metropolitan area had a lower level of social activities. Our results support these previous findings. Social function is an aspect of frailty (i.e., social frailty) [28] and is bidirectionally associated with physical and cognitive function [29] . Therefore, the higher level of social activities is attributable to the lower prevalence of frailty in suburban districts A and B. In addition, the higher level of social activities in men in the rural area likely compensated for their worse scores in the other KYCL components (i.e., fall and nutritional status); hence, the APR for frailty was not significantly higher for men in the rural area. This suggests that promoting social activities in the whole community may be an effective strategy for reducing the prevalence of frailty in the area.
In most areas, a subjective economic status and bone and joint disease were significantly associated with frailty in both sexes. These factors were previously reported to be associated with frailty [23, 30, 31] . In the present study, underweight (BMI < 18.5), which is sometimes included as a component of frailty [29, 30] , was associated with frailty in most areas, especially in men. The association between living alone and frailty was unfavorable for men, but favorable for women. The impact of living alone on adverse health outcomes is confounded by social function [32] . The social activity level is higher in women than in men, as our results show, which might explain the present sex difference. Additionally, our results suggest that some area-specific factors are associated with frailty, such as underweight and living alone (among men living in the metropolitan areas) and underweight (among women living in the suburban areas). Although it is difficult to identify the reasons why area-specific factors were found, other factors that are not included in this study (e.g., food intake, physical activity, and depression) are likely associated with the results. Two previous studies reported factors relevant to frailty in urban and rural areas [9, 10] , but the effects of medical history were unclear. Interestingly, the details of the participants' medical history were not consistent between areas in the present study. Indeed, the effects of medical history on frailty were inconsistent in previous studies [33, 34] . A prospective Japanese cohort study reported that medical history was not a significant predictor of incident frailty 33 , while another cohort study found that some diseases, such as diabetes and cancer, significantly increased the risk of frailty [34] . The present and these previous studies did not consider disease severity. Individuals with a severe disease might have been excluded from this study because they were more likely to need long-term care-one of the exclusion criteria in the present analysis. Further study is needed in order to examine the effects of disease severity and their clinical significance.
A strength of this study is the inclusion of three areas (metropolitan, suburban, and rural areas). Another strength is the use of KYCL subcategories. Hence, our study was able to identify area differences in frailty and factors associated with these differences. However, this study has some limitations. First, urbanization was categorized by using the Japanese national census. Although the generalizability of our results is limited by this categorization, the present findings confirmed previously reported urban/rural differences in frailty [8] [9] [10] [11] . Second, the definition of frailty might have affected our results, although the present range for frailty prevalence was comparable to that in previous studies [35, 36] . Future studies should investigate whether the results are similar when another definition, such as that of the Cardiovascular Health Study criteria, is used. Third, we did not measure cognitive function, physical activity, diet, or mental health, among other variables, so the effects of those factors on area differences in frailty are unclear. Forth, in this study, we excluded the participants who had missing data. This may lead to biases, although we used approximately 80% of eligible data in each area. Additionally, the number of participants in each area is different and may potentially affect the statistical power. Finally, this study was cross-sectional, and the results cannot be used to establish causality. Therefore, it is unclear whether a factor with a significantly higher APR in an area is related to incident frailty.
Conclusions
In conclusion, this study confirmed that the area of residence is associated with frailty in multivariable-adjusted models. This association may be explained by area-specific characteristics and factors associated with frailty. Understanding characteristics of the community leads to enhancing effects of a community-level intervention in preventing frailty.
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